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ABSTRACT*i

Although bets-propiolactone (Bpl,) is an effective vapor-phase decontaminant for enclosed Areas, amme problems have beenencountered inicsh use. Adequate air circulation during BOLdissemination could eliminate most of these troubles, It isrecoammended that wheAi decontaminating the ordinary brilding orlaboratory the spray Amount of BPL be changed from the initiallysuggested one gallon per-16,000 cubic feet of space to one gallonper 25,000 cubic feet. The use of aqueous BPL solutions andthermal-type generators is not recommended.

.7.
. . . . . . ..



I
OBSERVATIONS ON BETA-PROPIOLACTONE VAPOR DWONTAMINATTON

Beta-propiolactone (BPL) has been shown to be an effective va, .r-phase
decontaminant for the treatment of enclosed areas.2-5 It is effective rnt
only against bacterial spores and vegetative cells, but viruses and rickeL-
tsiae as well.*!" It has been widely used in this laboratory, and to a
lesser extent elsewhere, since it was first reported by Hoffman and War-
showsky in 1958. During its years of use, various observations have been
made concer-ning probleas sneot •red in ita practical application; these,
we feel, are worth recording.

The main purpose of this paper is (i) to diacuss soum of the physical
characteristics of the chemical, (ii) to point out their reittiona-Up"
Cne pr-..ae- rj. ~Art lT. 4AP -- ,jt~ (IM to indicate means '
of avoiding the problems, and (iv) discuss BEL toxicity and wens vi
detecting trace amounts.

Liquid tPL is a good organic solvent; because of this, problems are
often encountered when dtcontaminating with the chemical. The main one
seems to be the dissolution of paints, lacquers, and waxes on surfaces
in the enclosure treated; other problems include the attack on soae
plastics and the occasional formation of a tacky residue for the most
part, on horizontal surfaces. These problems are due to the liquid beta-
propiolactone or an aqueous solution of it, but not to the iipor, and

.us can bc eliminated by proper dissemination of the chemt il. The
primary considerations in BNL decontamination are listed at discussed

A. DPL CONCENTRATION

A BPL air concentration of I 'o 1.5 q per liter is sufficient to kill
bacterial spore', within minutes.' To obtain this amount of APL in an
enclosure, however, a considvrably higher concentration must be dissemi-
nated.a Originally, it was suggested that when decontaminating an enclo-
sure, one gallon of RPL be dispensed for etrh 16,000 cubic feet ! space
at 25 C. Assuming no wall adsorption of the chemical and 100%, efficiency
of the di-penser, the theoretical air concentration would be 1.6 mg BL
per liter (Table 1). However the vapor pressure of 1BL at 25 C is only
2.1 am H (Table 2), so the highest obtainable vapor concentratioi is
8.1 mg of fPL per liter of space. Thus it is evident that at .hi, tempera-

eura, if one gallon of IPL is sprayed per16,000 cubic feet.of space, the [
amount viii be above air saturation Concentration and six or seven time
the actual concentration required to kill sports.
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TABLE 1. THEORETICAL AIR CONG ENTRJ:ION
AFTER SPRAYING ONE GALLON EPL

Volume, Concentrationi,
cu ft !mg/liter

12,000 .12.78
16,000 9.6
20,000 7.67
25,000 6.38
30,000 5.11

TABLE 2. VAPOR PZSSURE AND MAXIUJ CONCENTRATION
OF BPL IN AIR AT VARIOUS TEMPERATURES

Temperature, Vapor Pressure, Concen~tration in Air,i/
C mmof Hg vgIliter

-10 0.12 0.5
-5 0.22 0.9
0 0.34 1.4
5 0.50 2.0

10 0.74 3.0
15 1.05 4.2
20 1.49 5.9
25 2.10 8.1
30 2.90 11.1
35 4.05 15.2

a. Calculated from formulua PU n pj.
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If excess BDPI is sprayed into an area or the cispenser emits large
droplets, the lactone &an literally "rain out" on surfaces, ieaving a
liquid coating. Since the surrounding air is close to saturation, the
e-.aporation rate will at best be eztrtreiy low; liquid will have more
time to react with and dissolve surfaces slich as paints and plastics, or
to polymerize and leave a tacky reblse. In an unsaturated atmosphere
we itund the raLe of evaporation from a surface to be about 1.6% p-r
minute at 25 C or, expressed another w-y, the half-iife was 43 minutes.
It should be emphasized that it is only the liquid BPL that deleteriously
; feCLf paints and plastics, or leaves a tacky residue. The vapor has
not been shown to be deteterious to normally encountp.red materials when
used at recommended concentrations and exposure Limes.

When partially polymerized BPL (less than about 93% purity) is sprayed,
a noticeable residue is occasionally produced that is difficult to remore
tcom surfaces. This prob",m is not encomutered when BPL of higher purity
is employed. If BPL is to be kept for a tit before use it should be
stored ia rcfe-;r.-r4 ,m tenterature to retard the formation of poly-mers.

Recent tests at thiq laborator) demonstrate that a smaller amount of
BPL cta be sorayed, i.e., one gallon per 25,000 cubic feet of space, a-4
yet provide adequate decon:amination. This yields a theoretical air c
centration of 6.4 z per liter of air, several milligrams below satuin -ion
level at 25 C, yet it is still four or five times more BPL than is required
to sterilise. There are several reasons why it is necessary to disseminate
more BFL than that required to decontaminate. A primary one is that some

DBPL -ill adsorb on walls, floors, and other surfaces. Sprayer inefficiency,
witbh nadequate air circulation aud building leakage, can also be factors,
although these can be circumventtd as discussed later.

B. TEMPERATURE

Temperat ure. of course, is a major factor in controlling the amount of
SBPL the air will hold. Table I lists Lhe vapor pressures of 3PL at various
teineratures and the corresponding maximum PL air roncentrat ton. It is
eviJent that as the temperature is decreased the maximum BP% air concentra-
tion decreaseas rapidly. Therefore, iU EPL is used to decontawtnste an
enclosure at low temperatures the amount sprayed ond .te spray zate should
be decreased to prevent possible oversa..uratioh. Fcrthcrmore, for eacut
10 C drop in temperature the chemical requih-a* two to three times longer
to kill the sare nutber of organisms. Th's factor, too, should be con- - -
Wstered. Thus .t is -ecoumended that for lov-temperature decontamination I - -

of enclosures, less b•L be disseminated and a longer exposure time be - - .
allwed. On the 'ther hand, it is possible to decrease the exposure time
by raising the ambient temperature of the enclosure. Of even more impor- .
taace is the fact that at the higher temperature 1PL evaporates Sore rapidly 5-"
and there io less chance for liquid deposition during dissemination.

I I . ..



C. RE1ATV.'E MWI'jfD1TY

The importance of having a relative humidity of 70% or higher when.
decontaminating with BPL vapor was clearly demonstrated by Hoffman and
1Iarshmavky.1 Often the humidity vf a structure to be decontaminated is
belowi the 70% minimum, and water must be sprayed to cuinthe required
le-!el. Raising the RH is beat done by injecting steam from an open auto-
clave or steam-line out jet, spraying water from a nebulizer or using a
vaporizer. Air should be circulated during this procedure. Just wetting
the surface with water from a hose has been found unsatisfactory for rais-
ing the RH of an enclosure to the neededt 70%. When humidifying, care
should be taken not to over-humidify the enclosure. It hag been observed
that water droplets hanging from a painted ceiling have absorbed sufficient
EPI. during decontamination to have a solvent action on the paint under the
droplets. Once the humidity is raised in an enclosure it is best to can-
ttnue adding water vapor siwly du-ing the decontamination period. This
can be done by cracking a ste.ý- valve or uixsng one or more small vaporizers.

Hydrolysis of BPL vapor, even in the presence of a very high relative
humidity, 19 %&ot 6i raj Titata in th's laboratory have revealed
that the rate of hydrolysis of BPL in air at 1007. RH i lamvt woUue-inal;
that in vater. Specifically, BPL at 2.5 C in water has a half-life of 3.5
hours :.nd in air at 100% RH the half-life is abcut 7 hours. At lower RH
the hy4rolysis rate would be even less. it is thus obvious that an -n,!c-
sure cannot be rid of BPL in l..' than a day merely by raising and mai-
taining a high RH.

D. AQUEOUS BPL qOLUlWvNS

An aqueous solution of BPL is often sprayed to ratac the relative
humidity and disseminate the BPL in one operation. it seems that once
such a practice is started, it becomes routine thereafter to spray an
aqueous PYL solution regairdless of the relative humidity. At times during
the summer the ambient relative humidity is high and under these ::rcuis-
stances the air can hold very little more moisture. If water is spray~ed
along with the 3PL the air becomes oversaturated and fallout results..
When this occurs sow SPL will be carried, out with, the watez, producing
a deletcrio,.cx BPL solution on surfaces..

* Sprayvmg IPt with water further complicates the problems of decotsami-
nation because the droplets that are dist minared by a generator will be a
mixture of voererand BPL. The vapor pressure Pf water is hlgher and It.
will evraporae first. The evapnratioa of th' woter droplets will have a
cooling effect, so that~more tiue will be rer'itired for the PDT. 'o vanorize.
This increases the chances for liquid particle* to (all out and collect:
on a sur face..
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Because of thebe factors it !is strongly recommended that aqueous BFL
solutions not be employed in enclosure decontamiuation. If it is necessary
to raise the humidity, th- water should be sprayed separately.

E. AIR CIRCUlATION

A major factor in BPL decontamination is adequate air circulatien by
fans or building recirculating systems during dissemination of the chemical.
Because the vapor pressure of MPL it so low, ati -.n the vicinity of the
spray will be r-pldly saturated unless constantly diluted with fresh air.
Ideally, the dispenser shoul4 deliver only v. or; however, if used properly
a nebulizer that disbainates small. liqtld dro lets is also satisfactory.
If the vapor-type dispenser is used, th, air r-ust be circulated n3natantly
to prevent oversaturation leading to condensation and fallc-it of li,! d.
If the nebulizer-t;pe dispense: is used, the air must be circulated more
rapidly to prevent particle fallout and to permit sufficit4t tiUe for
evaporation. The BPL output rate of any type of dispenser must not be
3tn-ut LUWLhO.-e amount tue recircutated air can hold. Actually, there
must be a greater air circulation rate than spray rate because the recir-
culated air will he capable of holding less and Icss BPL as it becomes
more eancentrated during dissemination and recirculation. For this
i"son it is c;.zewended thea BPL be d'seminated into an enclosure
slwoly over a longer period of ni-.

By calculation, if the dispenser output is 100 ml of BPL per minute,
500 cubic feet of air per minute are required to take up the BPL vapor
without oversaturation at 25 C (Table 3). The same amount of SFP would
require 690 cubic feet of air per minute to prevent oversaturation at
20 C. Since the air will gain more and =re BPL vapor as it is recircu-
lated durin& the disseminatioa period, the ir circulation rate mst be
greater than 500 cirn at 25 C or 690 cit at 10 C. As a rule of thumb, it
is suggested that the amount ^t air circulated be twee tlh volume
required to hold the amount sprayed. Thus, in the example cited above,
at 25 C the Ar circulation 1;:a ch-zId 'e about 1000 ctm. If, the
sprayer delivers 200 ml BPL per minute, the circulation i,4te should
he 2000 cla, etc.

In decontsmi"Ling largr areas, the air should be recirculated through-
"out the rtructure, esptially duriug BEL disseminatiou. This is act always
possible vktz.l•¢, a built-In recirculatiom system, although in som #truc-
tures the air could be-recirculated bhi system of fans. If the structure
lAcks a recirculaing systom and has dany small roum&, a number of smull
dispensers should be set up throughout and fins employed• to assure adequate
distribution.

K m... ...



TABLE 3. K{NIUM AMOUNT 04 ATIR AT DIFFERENT TEMF'R-•
REQUIRED PUP COMYLETE VAPRTTi.TiT0U

OF 0.0264 GmLLON (100 -1) BETA-PROP!OL.C T7r*

Temperature, C Ai[. a- 8

10 13 0
15 9'0

25 50•)
S.30 367
35 2%

F. CGEERATORS

Spiner an- Hoffman2 initially stated that almost any co--rcial Insecti-
cide sprayer could be used to disseminate BPL if the chemical did not "rain
out" or thermally decompose. A second look at the type of dispenser that
is desirable is il order; As stated above,'a generator that deliv-rs BL
vapor only is most desirable. It !i not advisable to use ordinary thernal-
cvype generators because of their h-,h operating temperature. PPL dect-•pobes
to some extent even at Its nooling i •int (1.62 C). V ermal-type gez.erators
operate at considerably higher tev.pei -tures than th2 boiling point of EPL,
so some. decomposition will occur; the amount will depend on the nempctratnrv
and exposure tive.

An even worse ultuation develops when an aqueou& P••oiuti,,m 0. Bt. Is
sprayed by a thermal gen.rator because PET hydrolyzes ra-fdl at
-emreratures. For example, the half-lfe ol BMl in water at 25 C i-.

iwurs; AL 75 C it is only 5 miru~es. No data are available on tbht -0
rate at 200 to 300 C, the lower temperature at which a -thermal generkt...

"* operates; however, ".t is obviou that the hvdrolyrs!.s rates w!l1 bf t tr.-v
high under these ctrcumstanc,:s. For this reason aquno.s 1.. she..!d nt-',r
be sprayed with a thermal-type generator.

Little consideration has been given to the flash point ot L he m -
Vhen us.ng a thermal-type generator fcr BEL- Ry ,he open-cup Athod fill,
has a flash p nt of 74 V. To the authors' )rowledge, r- If.res have
re.ulted fro• sprayir4 MPL with a the.•al generator. buty thht. s" havto

u"ly been fortuitous.



At l smmarr, the thermal-type generator cannot be reconnendet' as c BPL
ýTVW diaisentinator. The nebulizer-type dispt.ser seems to be the most satisfactory

for tho pr-Vpaae as long as the particle sir'i is sal n h i sAru
t Ist'e? at i sufficient, rate to prevent -versaturatlon, cenoencation, and

fttlout.

!DOT1 TOKICIT AND) DETECTIIN

The carcinogeale activity of DPI. has beaut reported by Waipole et al. ,s
AV ~~Roe -nd Glendennirg79 Palmei at aL.,/o ani Xaris~n a--d Weed.1t  Thea.

invest igators £.oved that frequent subcuteneous oc: topical applications
of dil~ne 'IPL produced honors in. rats an? mice. According to Ranisom and
"Tseu, hvever, DPI. appears r- be a weak carcim' 4 en. Because it is a

Ca'- gcnJptner and Hoffmaz-? rc:oaended teat rc.?eated nxp-sure to
c'.en subir~ritating doses be avoided. That same publication stated that.
tae ixvest c.nicentration. of BPL detectable lv amoll is about 0.05 mg per
litar of air. No observa~le ha-ý has ome to any of our personel
cccidenrally exposed for a. short time to doses sufficiently high to
:ause respiratory irritation and lachrynarion. It is suggested, on this
basis, that if unmasked personnel can enter an aerated area after using
tiPL, and no discorfort is experienced, the area is u3 longer tos:Ic. Ir

order .hat it not hr neCCeaary to rely upon human olfactory sensit4 sry,
a Chemicail Corps gaa detectioni tub. was foutnd satisfactory foi: detecting
tIr~ce a-e.,.nts of EPT.2 Tests inu this laboratory show this tibe to be
very sea-Ativi; In fact, it is c.apable of detecting as little as 0.004
-if t..:e Inctone. Thus, ii -i one-liter air sample is taken, it is- possible
to desezct * Mi~ concait ration a.,lov &s 0.004 mg per liter; in a 250-cc

sp>the l1w st detertable concenntrationt is 0.016 q soet liter. We
feel thac: it no blue color ..pp.oara (with the addition of -odium h, drozide)
in the tu-be after tnIring a .,e-littr sample in an aerated- roor follouing

_4Mi REPI decastauai.aattn, f Z is Late for personnel to re-enter, unumasked. We
czliruiatt that -en aft changts, -ented to the outsfde, will remove the
EPL fr~m a szructnrc. A -icr? of caution is rocaeasaky hovevert Bfl. does
adsay-b oa -urfaces from the vapor in a46r, sadd It may require a relatively{-

Igtieft to dt-sorb. For thiii ruadou an arps setrted by forced ventile-
t ion could Anew no letectnbtla hPL. ry the tuhtu meftad, but if Lbs anirattun
fS .isccm-t'ntul and the .Aý - is closed 4_p. an irritating concentrAtion of

21. nt uild up hecauo.e of deanr-,tieA from .untaces. To avoid thisv
"ktuast:On, aert 'on, ever reuoceu i' necessasry, .hwald be continud for
a 4hart periodi after rao-ccupyling the enicloan. e.,

!-I on iuuiot t is ap"prent that adequz.c 4.14 circulation -can be the-
I tat' factor in clit instib Utot.,y of tlt ýtroubles *mtomntttred ia BPL t. enc-

A- ior ~idig tltoKr"- r, thx. spray amut ot SP. be chA~et& trot
A. ii til gaisted ari galon per .16,%0 cubic a of spnte-to viw

gaal-n p--r 25,100 c.tbic fe-et of c~rr~ee Thte use of Aqueous MP! aoluticmeo
liedrnal- Ftrs ftojisnt
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